Introduction: Type 2 diabetes, a disease condition characterised by hyperglycaemia can damage the kidney, an organ which regulates water and electrolytes. Also, high blood sugar can increase plasma osmolarity thereby, drifting water movement from the intracellular to the extracellular spaces and alter the distribution of electrolytes in the body. However, little is known on the relationship between serum electrolytes, renal function and Type 2 Diabetes (T2D).
INTRODUCTION
Electrolytes in the body including sodium (Na + ), calcium (Ca 2+ ), potassium (K + ), chlorine (Cl -) and magnesium (Mg 2+ ) play important physiological roles in the body such as enhancing enzyme activities, creating electrical gradients, promoting several metabolic and cellular activities, and ensuring normal homeostasis [1] . However, distortion or imbalance of the normal electrolyte level may lead to clinical abnormalities or disorders which are frequently associated with increased morbidity and mortality [2] . Electrolyte imbalance is frequently observed in clinical subjects and usually caused by several factors including gastrointestinal absorption capacity, nutritional deficiencies, acid-base abnormalities, pharmacological agents, renal disease, acute illness or diseases which can act alone or in combination [3] [4] [5] .
Diabetes is one of the diseases which frequently lead to electrolyte distortion [4, 6] . In a diabetic condition, high blood glucose increases plasma osmolarity which in turn creates an osmotic driving force that drifts water movement from the intracellular spaces to the extracellular spaces [7] . This osmotic drift and water movement has two major effects on electrolyte concentration in the body. It could lead to a dilutional effect lowering electrolyte concentration if they are extracellular, or increase the extracellular concentration if the water movement carries along intracellular electrolytes to the extracellular space especially in a state of insulin deficiency [8] . This osmotic drift leads to a condition termed as electrolyte disorder or imbalance. Both hyper-and hypo-electrolyte levels are observed in diabetes. Certain studies have shown hyperkalaemia, hypernatraemia, and hypermagnesaemia etc., to occur in diabetic patients as well as hypokalaemia and hyponatraemia are also possible due to osmotic diuresis, antidiabetic agents or exogenous insulin administration [9] [10] [11] [12] . The derangement of chloride in diabetes remains unclear as very few studies have evaluated the extent of chlorine alteration among various populations [13] .
Moreover, diabetic nephropathy, which is one of the complications of diabetes characterised by impaired renal function or failure can lead to electrolyte imbalance as elevated blood sugar damages the nephron, thereby altering electrolyte absorption and reabsorption [9] . Diabetes is a multifactorial disease which is associated with sex, age, blood pressure etc., [14] . Recently, the increasing prevalence of this disease is drifting from the high-income countries to middle and low-income countries, especially Nigeria which presents the greatest disease burden in Africa affecting over 1.2 million people [15] . However, scanty data is available on the electrolyte profile of diabetic patients in Nigeria especially in relation to the prevailing risk factors including renal dysfunction indices. Hence, this study was aimed to assess the serum electrolyte level of diabetic patients in order to evaluate the relationship of these electrolytes with renal dysfunction indices along other diabetes risk factors.
MATERIALS AND METHODS
Study Population and design: This was a continuation of an ongoing case-control study which recruited T2D patients and patients without diabetes (ND) of Nigerian ethnicity at Enugu State University Teaching Hospital (ESUTH) in Enugu Nigeria. The sample size (n) was calculated according to Charan and Biswas using the formula: n= = 74.19. Where; SD = standard deviation, Z a/2 = Zscore for type 1 error of 5%, Z B = Zscore at 95% power and d = Effect size from previous study [16, 17] . Thus, approximately 74 participants were recruited for each arm (case and control).
ethics Approval and Consent to Participate: The study design was reviewed and approved by the Ethical Committee of ESUTH Enugu, Keywords: Hyperglycaemia, Osmotic drift, Renal dysfunction Nigeria with approval number: ESUTHP/C-MAC/RA/034/174. The study was conducted in accordance to the guidelines of the Helsinki Declaration and written informed consent was obtained from all patients willing to participates in the study.
inclusion/exclusion Criteria: Outpatients above 30 years of age, who were not admitted at the hospital and without any critical or emergency health condition or complication, were recruited for the study. Pregnant and breastfeeding women, patients on diuretics as well as HIV positive patients were excluded from the study. Patients considered as T2D patients were diagnosed according the IDF criteria with hyperglycaemia and at least one-year history of the disease while non-diabetic control patients were those without T2D or hyperglycaemia [18] .
data Collection: Demographic information of patients, including age, sex and disease history was obtained by interview using a questionnaire. The resting blood pressures; SBP and DBP were measured using standardised procedures with an automatic sphygmomanometer. The height, weight and Waist Circumference (WC) of the patients were measured and the Body Mass index (BMI) calculated in Kg/m 2 .
Blood Collection and laboratory Analysis: Blood (2ml) was collected from each patient and transferred into plain tubes without anticoagulants and fluoride tubes. The Fasting Blood Sugar (FBS) was measured from blood in fluoride tubes using AccuCheck glucometer. The blood in plain tubes was then centrifuged at 5000 rpm for 10 minutes to obtain serum. Serum electrolytes; K + , Na + and Cl -were measured using kits (Teco Diagnostics, California USA). Urea was measured using a urea kit (Randox Laboratories Ltd., UK) and creatinine was measured using creatinine PAPSL kit (ELITech Clinical Systems SAS, France). All the measurements were done according to the manufacturer's protocol. K + was measured based on the method of Skeggs and Hochstrasser, Na + was assayed based on the method of Maruna and Trinder with slight modifications [19] [20] [21] . Cl -was measured according to Schoenfeld and Lewellen [22] . Urea was assayed according to the method of Watt and Crisp and creatinine was measured based on the method of Owen A et al., [23, 24] .
definition and Classification of Serum electrolytes and renal Function indices
The following cut-off limits were taken for derangement of serum electrolytes and renal function indices according to the manufacturer's guidelines. Serum Na + level (mEq/L) was classified as hyponatraemia < 135, normal level was between 135 and 155 while > 155 as hypernatraemia. Serum K + level (mEq/L) < 3.4 as hypokalaemia, normal level was between 3.4 and 5.3, and > 5.3 as hyperkalaemia. Serum Cl -level (mEq/L) was classified as hypochloraemia < 98, normal from 98 to 106 and >106 as hyperchloraemia. Urea level (mg/dL) was considered as hypoureaemia < 10, between 10 and 55 as normal, and > 55 as hyperureaemia. Creatinine level (mg/dL) was considered as low < 0.55, between 0.55 and 1.15 as normal, from 1.16 to 3.99 as high and > 4 as very high (indicating renal damage).
STATISTICAL ANALYSIS
Data was analysed using Statistical Package for the Social Sciences (SPSS) version 16. Results were expressed as Mean±Standard Error of the Mean (SEM) and frequencies presented in Tables and Figures. Pearson chi-square (χ 2 ) test was used to compare the proportional differences of electrolytes and renal function indices derangement in T2D and ND patients. Mean differences of electrolytes, creatinine, urea level and baseline parameters were compared between the T2D and ND patients using parametric independent sample t-test. Correlation between various study parameters (electrolytes and renal function indices) and risk factors (age, SBP, DBP and FBS) was done using Pearson correlation test. A statistically significant difference was considered at p-value less than 0.05.
RESULTS
Baseline Characteristic of Participants: A total of 147 patients participated in the study of which 72 (49.0 %) were T2D patients while 75 (51.0%) were ND patients with an age range between 30 and 92 years. Among these patients, there were 94 (63.9%) female and 53 (36.1%) male with no significant (p>0.05) sex difference between the T2D and ND patients. The age and FBS were significantly higher (p<0.05) in the T2D patients compared to ND patients while the weight, height; SBP and DBP were not significant [Table/ Fig-1 ].
[Table/ Fig-1 + and Cl -level were also higher in the T2D compared to the ND patients but the differences were not significant (p>0.05). Similarly, the renal function indices; creatinine and urea, were higher in the T2D patients than in the ND patients but the differences were not significant (p>0.05).
derangement of electrolytes and renal Function indices:
[Table/ Fig-3 ] summarises the derangement of electrolytes and renal function indices. More patients with T2D were hyperkalaemic (8.8%) than the ND patients (2.7%) while hypokalaemia was more present in the ND patients (41.5%) than in T2D patients (25.2%). As such, the proportion of hyperkalaemia and hypokalaemia was significantly different (p = 0.001) between T2D and ND patients. The proportion of hypernatraemia was insignificantly higher in T2D (15.6%) than in ND patients (15.0%). The proportion of hypochloraemia and hyperchloraemia were both similar in the T2D and ND patients without any significant difference (p = 0.494). Also, the proportion of hypercreatinaemia and hyperureaemia were higher in T2D compared to ND patients though not significantly (p>0.05).
Association between Study Parameters
Association between study parameters is summarised in [Table /Fig-4 
DISCUSSION
Electrolyte disorders may occur as a result of hyperglycaemia, ketoacidosis, renal dysfunction as well as administration of drugs such as diuretics, antidiabetic agents or exogenous insulin etc. altering the electrolyte concentration in the body [25] [26] [27] . In this study, serum K + level significantly increased (p< 0.05) in T2D patients compared to ND patients while the increase in Na + level was not significant (p>0.05). These results are consistent with previously reported studies which have shown Na + and K + levels to increase in diabetic patients as a result of excessive loss of water due to osmotic diuresis [28, 29] . On the other hand, Cl -was similar among the T2D and ND patients with no significant difference (p>0.05). This finding has also been observed in a previous study in which serum Cl -was shown not to be affected by hyperglycaemia [30] .
Serum creatinine, and urea as well as albumin in urine are markers of diabetes nephropathy [31, 32] . High creatinine and urea in serum are as a result of reduced glomerular filtration while high albumin in urine is as a result of impaired renal function. Elevated levels of these markers are evident when the glomerulus of the kidney becomes destroyed, leaks fluid and proteins due to prolong high blood glucose level in diabetics causing renal damage [33, 34] . Serum creatinine as well as urea levels were higher in T2D patients compared to ND patients, though not significantly (p> 0.05). The high creatinine and urea levels in T2D subjects suggest that prolong high blood sugar can impair renal function thus, leading to accumulation of waste products and promotes renal dysfunction as previously confirmed [35] [36] [37] .
Hypokalaemia is usually common in diabetes due to osmotic drift of fluid from the intracellular to extracellular spaces diluting K + concentration [38] . In this study, the proportion of hyperkalaemia was higher in T2D than in ND patients confirming previous findings which have shown hyperkalaemia to be prominent in diabetics than in normal individuals [38] . The proportion of hyponatraemia was higher than hypernatraemia in T2D patients confirming the dominance of dilutional effect in a hyperglycaemic state [39, 40] . Dysnatraemia in diabetes has been attributed to endocrine dysfunction whereby, hyperglycaemia can impair insulin and glucagon action [41] .
Hyperchloraemia was more present in T2D patients than ND patients which could be due to hypertonicity although, hyperglycaemia has not been shown to have a significant impact on Cl -. The proportion of high and very high levels of creatinine (> 4 mg/dL), a marker for renal failure as well as hyperuraemia was higher in T2D patients compared to ND patients though not significantly (p> 0.05).
Certain factors such as age, high blood pressure, obesity etc. are known to confer risk in the development of T2D [42] . Since T2D is characterised by hyperglycaemia and known to cause electrolyte imbalance as well as diabetic nephropathy, some of these factors were evaluated for possible association with serum electrolyte as well as renal function indices [43] 
Parameter
Category correlated negatively with DBP while Cl -correlated positively with SBP significantly (p<0.05). However, Na + as well as creatinine and urea did not correlate with SBP and DBP. FBS positively correlated with K + thus high blood sugar can lead to high K + levels. However, this is in contrast to the general scenario where hyperglycaemia is known to cause hypokalemia in most cases [44] .
Renal damage could also lead to electrolyte derangement especially when the glomerulus is destroyed and leaks out fluid [45] . Since creatinine and urea are indicative of progression of renal damage, increase in the levels of these markers may influence the serum electrolyte levels [46] . Creatinine was found to be associated positively with K + , implying increase in creatinine which is indicative of possible renal damage, could influence an increase in K + level in serum. As such, prolong hyperglycaemia observed in diabetes may lead to electrolytes derangement either directly through osmotic drift or indirectly through progression of diabetic nephropathy.
CONCLUSION
Findings from this study reveal T2D to promote electrolyte disorder and may possibly influence the renal function. Also, renal dysfunction characterised by elevated creatinine and urea may promote electrolyte derangement, especially potassium ion disorder. Therefore, serum electrolyte disorders may be as a result of hyperglycaemia as well as renal dysfunction. Moreover, old age and high blood pressure are possible risk factors of serum electrolyte disorders.
